During a 15-year monitoring survey (April 1995-March 2010 of pesticide residues in agricultural products, 1542 domestic samples (cereals, vegetables, fruits, etc.) collected in Hyogo prefecture, Japan, were analyzed. The number of pesticides tested increased annually from 110 to 615, and 2198 pesticides, including trace levels, were detected in 844 samples. Annual detection rates of positive samples ranged from 36 to 77% during 15 years, and the average rate was 65% in the past 5 years. With the increase in pesticides tested, total detections in FY 2005-2009 markedly increased, trace level detections composed more than half of all detections, and the numbers of samples containing 4 or more residues increased two-fold. Procymidone and iprodione were frequently found in vegetables, and kresoxim-methyl, acetamiprid, iprodione and captan in fruits. In addition, the detection of carbendazim, dinotefuran and imidacloprid increased in the past 5 years. Violations of MRLs or the uniform limit (0.01 mg/g) were observed in 9 samples (0.6%), among which pesticides unregistered for application were detected in 8 samples. The residue levels of unregistered pesticides should be assessed, as the uniform limit was applied for their regulation in many cases.
Introduction
Pesticide residues in food are one of the highest concerns of consumers who require food safety. 1) In Japan, to prohibit the distribution of foods with more than the allowable residues as a result of improper usage of pesticides, the Positive List System was introduced for the regulation of agricultural chemical residues in foods on May 29, 2006 . Maximum residue limits (MRLs) were set for 799 substances, including feed additives and veterinary drugs, by the addition of many provisional MRLs, 2) and the uniform limit was set at 0.01 ppm as the amount unlikely to cause damage to human health.
3 To clarify the residue results and identify violations of the MRLs or the uniform limit, we have continued regulatory monitoring in agricultural products and expanded the coverage annually by incorporating newly restricted pesticides during the past 15 years (FY 1995 (FY -2009 ). We previously reported the residue results before the Positive List System, [5] [6] [7] and subsequently markedly increased the number of pesticides to more than 440 analyzed by the multi-residue method. [8] [9] [10] Residue results of pesticides in agricultural products collected in each district of Japan have been reported in several papers, but the number of pesticides tested was 200-300 even after implementation of the Positive List System. [11] [12] [13] In this study, we mainly report the residue results during FY 2005-2009 and compare them with previous data (FY 1995 (FY -2004 . The number of detected pesticides in the past 5 years was greater than before, and for residue levels, the ratio of trace level detections increased and composed about half of all detections. We also present residues exceeding the MRLs or suggesting unregistered application.
Materials and Methods

Sample collection
According to the annual monitoring plan of Hyogo Prefectural Government, Food Sanitation Inspectors collected agricultural products at wholesale and retail markets within the prefecture and brought them (more than 1 kg of each) to our institute. Over 15 years (FY 1995 (FY -2009 ), 1542 domestic agricultural products (90 cereals, 24 beans, 26 nuts and seeds, 1075 vegetables, 7 teas, and 320 fruits) were tested.
Pesticides tested
Pesticides and their metabolites tested in this study were increased from 110 in FY 1995 to 615 in FY 2009. They were selected by acceptable recovery (Ն50%) and relative standard deviations (Ͻ20%) in recovery tests fortified to 0.10 mg/g. Some degradable pesticides, such as diclofluanid and thiophanatemethyl, etc., which were simultaneously analyzed with their degradation products, were also included. The classification of 559 pesticides and 56 metabolites is shown in Supplemental  Table S1 .
Chemicals
Chemical, Japan) were of pesticide analysis grade. Acetonitrile (Wako) used for LC-MS was of liquid chromatography grade, and the others were of analytical grade.
Pesticides and their metabolites were obtained from Wako, Kanto, Sigma-Aldrich (USA), Hayashi Pure Chemical Ind. (Japan) and Dr. Ehrenstorfer (Germany).
Instrumentation
GC-MS: HP5890 Series II gas chromatograph connected to an HP 5972 mass spectrometer (Hewlett Packard, USA) and Agilent 6890N gas chromatograph connected to an Agilent 5973 inert mass spectrometer (Agilent Technologies, USA).
LC-MS: Agilent 1100 series LC system connected to a quadrupole mass spectrometer (SL).
LC-TOF-MS: Agilent 1200 series LC system connected to a time-of-flight mass spectrometer (6210 MSD).
Analytical conditions were the same as those reported previously for GC-MS, 5, 14) LC-MS 15) and LC-TOF-MS. 10) All data were acquired in SCAN mode, and the detected pesticides were confirmed by their mass spectra, and then determined by the peak area of target ion chromatograms. Limits of quantitation defined by the signal-to-noise ratio (S/NՆ10) were set at 0.01 mg/g for most pesticides, except for 0.02 mg/g for barban, isoxaflutole, toriforine, mesotrione, etc. 10) Limits of detection were 0.001-0.007 mg/g, and the trace level indicated that remains from 0.001 to 0.01 mg/g could be confirmed.
Sample preparation
According to the procedure previously reported, [8] [9] [10] about 500 g sample was chopped in a MK-K58 food processor (Panasonic, Japan) for more than 1 min to obtain thoroughly mixed homogenates. Then, 25 g portions of chopped samples were extracted with 60 ml acetonitrile and cleaned up with ODS and a PSA mini-column for multi-residue analysis of 520 pesticides by GC-MS and LC-MS. 14, 15) For 95 acidic pesticides, portions were divided before PSA purification and analyzed by LC-TOF-MS.
10)
Results and Discussion
Detection rates of pesticide residues
The number of tested domestic agricultural products was 80-125 in each year and the number of pesticides tested increased annually, especially in recent years, as LC-MS was introduced in 2003 and LC-TOF-MS in 2008 in addition to analysis by GC-MS. The progress of analytical instruments contributed to the increase of pesticides tested and the improvement of detection sensitivity, which is considered to have an effect on the residue results. Considering these effects, the following discussions are presented.
Annual changes in detection rates over 15 years are shown in Fig. 1 . The rates of positive samples which contained one or more residues, including trace level detection, ranged from 36 to 77%, and about 70% of positive samples contained multiple pesticide residues. Table 1 shows the comparison of detection rates for every food group in every 5 years. The rates for fruits were higher than those for cereals and vegetables in every period. Sample numbers of beans, nuts and seeds, and teas were poor. In FY 2005-2009, the detection rates for vegetables (62%) and fruits (86%) increased as compared with previous periods. Table 2 lists the major pesticides detected during FY 2005-2009 and their detection frequency by concentration level. Representative agricultural commodities in which the pesticides were detected are also presented. Procymidone and iprodione (fungicides) were frequently found in vegetables, and kresoxim-methyl, iprodione, captan (fungicides), acetamiprid (insecticide) in fruits. These pesticides were also frequently found in our previous study during FY 1995-2004 5-7) and surveys conducted in other prefecVol. 36, No. 1, 66-72 (2011) Pesticide residues in Japanese agricultural products 67 tures. [11] [12] [13] 16) In addition, the detection of carbendazim (fungicide), dinotefuran and imidacloprid (insecticides), which were analyzed by LC-MS, increased in the past 5 years. Most of the residues were present at levels of Ͻ0.5 mg/g. Distribution of residue levels of pesticides detected in domestic agricultural products was compared for every 5 years in Table 3 shows the distribution of the number of pesticide residues (Ն0.01 mg/g) detected in each commodity whose detection rates were not less than 50% during FY 2005-2009. The commodities of high detection rates were almost the same as in our previous study, [5] [6] [7] in particular, apple, grape and Japanese pear showed high detection rates (Ն66%) during FY 1995-2009. Samples containing residues (Ն0.01 mg/g) were sorted by the number of pesticides detected in every 5 years (Fig. 3) . Among 204 samples containing residues in FY 2005-2009, 90 samples contained only 1 residue and 13 samples contained 6 or more different pesticides. As the effect of the increase of pesticides tested, the numbers of samples containing 4 or more residues increased two-fold in FY 2005-2009 as compared with previous periods.
Pesticides frequently detected and their residue levels
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Detection of multiple pesticide residues
In Table 3 , sweet pepper, Welsh onion, apple, grape, etc. contained 6 or more different pesticides. Some examples of multiple pesticide detections are shown in Table 4 . Welsh onion contained 11 kinds of insecticides, among which the residue of dinotefuran was nearly equal to the MRLs. As for sweet pepper and grape contaminated with both insecticides and fungicides, residue levels were fairly low compared with the MRL. In apples, acephate (insecticide) was detected above the uniform limit (0.01 mg/g). Although drift from other produce such as grapes was considered, the cause was not specified. The producer union voluntarily recalled the produce and refrained from marketing it.
Non-acceptable residues
We found violations against the Japanese Food Sanitation Law in 9 samples over 15 years (Table 5) . Violation rates were 0.6% and these samples were stopped from distribution in the market; however, they did not pose concerns for public health, as considered from the Acceptable Daily Intake. In 8 samples, excluding eggplant, pesticides unregistered for application were detected. Pesticides registered for minor crops such as garland chrysanthemum are few, so the usage of unregistered pesticides caused violations. For pesticides unregistered for application, violations of the uniform limit were also reported in other surveys. [11] [12] Dieldrin detected from cucumber was supposed to have come from soil contaminated in the past. 17) After implementation of the Positive List System, low level residues supposed to be drifts from other crops exceeded the MRL or uniform limit. Table 6 lists pesticide residues suggestive of unregistered application. In addition to the violations shown in Table 5 , samples conforming to the MRLs are also included. Improper usage of pesticides was the main source of detection of unregistered pesticides. In addition, it was caused by drift from neighboring crops, transfer of pesticides remaining in soil and ponds, and non-intentional application of pesticides left in the atomizer. The residue levels of pesticides unregistered for application should not exceed 0.01 mg/g, as the uniform limit was applied for their regulation in many cases. Vol. 36, No. 1, 66-72 (2011) Pesticide residues in Japanese agricultural products 71 
